The viruses infecting tulips have a big influence on the yield and the quality of bulbs and forced flowers. Commercial bulb production is based on clonal propagation, which leads to the accumulation of viruses. Among 22 viruses occurring in tulips, the most common and the most dangerous are In the last year of the research two different strains of TRV were detected (TRV-J and TRV-F) and Tulip virus X (TVX) as well. Search for viruses showed that most often TBV virus was detected both in the leaves and the bulbs regardless of the year and plantations. Yellow flowering cultivar 'Strong Gold' was infected by viruses more often than in bi-coloured (with red) 'Leen van der Mark', because of the difficulties with effective roguing of infected plants due to inconspicuous symptoms of virus infections on yellow coloured flowers. Other viruses were detected sporadically, however increasing occurrence of LSV and TRV was noticed from year to year. In 2011, TVX virus was detected in a few plants of 'Strong Gold' and it was the first case of detection of this virus in tulip in Poland.
INTRODUCTION
The viruses infecting tulips have a big influence on the yield and the quality of bulbs and forced flowers. Commercial bulb production bases on clonal propagation, what leads to the accumulation of viruses. Only negative selection, roguing the suspected plants, control of the vectors transmitting viruses and applying general phytosanitary regime can protect plants from the infections. Among 22 viruses occurring in tulips (Mowat 1995) , the most common and the most dangerous are Tulip breaking virus, TBV; Tobacco necrosis virus, TNV; Lily symptomless virus, LSV; Cucumber mosaic virus, CMV and Tobacco rattle virus, TRV. The best known is TBV described in details by van Slogteren (1971) . Since the biggest acreage of tulip crops is in the Netherlands (about 10 thousands ha), most of the information concerning viruses' occurrence comes from this country. From other countries cultivating tulips (Japan, France, USA and New Zealand), data are also published. In Poland, the total acreage devoted to tulip growing, both for bulb production and for cut flowers from the field, is estimated at 1000-1200 ha (Jabłońska 2006) . TBV, LSV and CMV are transmitted by aphids, TNV is transmitted by fungus Olpidium brassicae, TRV by nematodes of Trichodorus spp. ____________________________________________________________________________________________________________________ and TVX is transmitted both mechanically and by mites during the bulb storage. The aim of the work was to check what viruses and with what frequency are present on the evaluated plantations, and in a consequence -which vectors are the most important. In Poland, the evaluation of virus infections in tulip crops was not investigated until now. However, some research concerning production of virusfree tulips and virus testing was done (Podwyszyń-ska et al. 2005; Podwyszyńska and Sochacki 2010; Sochacki and Podwyszyńska 2012) .
MATERIALS AND METHODS
The research was done on two tulip (Tulipa L.) cultivars 'Strong Gold' and 'Leen van der Mark' grown on 3 farms situated in different parts of Poland ( The leaves for tests were taken before negative selection on the field (randomly from the plants showing the virus diseases symptoms -term I) and after selection (randomly -term II). Bulb scales were taken from harvested bulbs of the same plants that were tested in term II in the years 2006-2007 or randomly in the years -2011 . For tests, 20 leaf or bulb samples were collected at each date from each cultivar and from each plantation. The samples were tested by double antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) (Clark and Adams 1977) using antibodies specific for TBV, TNV, LSV, CMV and TRV. Additionally, in 2011 two DAS-ELISA kits for strains TRV-J and TRV-F as well as for Tulip virus X (TVX) were used.
Kits of IgG and conjugates for detection of LSV, TBV and TNV originated from the Applied Plant Research -Flower Bulbs and Nursery Stock Sector, Lisse, The Netherlands (later on from the Bulb Quality Support B.V., Lisse, The Netherlands). For detection of TRV kits were from the Loewe Phytodiagnostica, Germany, and for detection of CMV from the Loewe Phytodiagnostica, Germany till the year 2009 and later on the antibodies developed at the Research Institute of Pomology and Floriculture (now Research Institute of Horticulture) in Skierniewice, Poland, were used . Kits of IgG and conjugates for detecting TRV-J and TRV-F originated from the Bulb Quality Support B.V., Lisse, The Netherlands.
DAS-ELISA tests were performed according to the protocol recommended by the producers, with minor modifications. Leaves and bulbs were ground in phosphate buffered saline (PBS), pH 7.4 and all conjugates were diluted in PBS-T buffer containing 0.1% Tween 20 (w/v 1:5). Each sample was tested in 2-3 duplicates. The absorbance was measured at 405 nm using Multiscan II reader (Labsystems, Finland) till year 2009 and since year 2010 using Ledetect 96 reader (Dynamica GmbH, Salzburg, Austria). The samples were considered as infected when the absorbance (A 405 ) was at least two times higher than the mean A 405 for negative control (according to Clark et al. 1988) . In addition, samples with absorbance exceeding the negative control by 50% to 100% -usually considered as "suspected" or "plus/minus" -were recorded as infected as well.
RESULTS
Results obtained during the first two years of the study (2006) (2007) on three farms showed, that the most common virus on evaluated Polish tulip plantations is TBV, which was detected very often both in the leaves and the bulbs (Table 1) . TBVinfected plants of both evaluated cultivars showed leaf mottle and plants of 'Leen van der Mark' also flower "breaking". More TBV-positive samples were obtained from plantation situated in Warsaw region and more in plants of cultivar 'Strong Gold' than in 'Leen van der Mark', irrespectively of the farm location. TRV hasn't been detected in any sample during the two years of testing. CMV and TNV were detected only twice, first in the bulbs and later in the leaves. LSV was detected more often, totally in 13 samples of 720 tested.
During the next four seasons of indexing, TBV was still the most frequently detected both in the leaves and bulbs (Tables 2 & 3) . Only in a few cases occurrences of TNV (4 samples of 720 tested), CMV (2 samples of 720 tested) and TRV (4 samples of 720 tested) were detected in the first three years of the experiment (2008) (2009) (2010) . Similarly as in the years 2006-2007, LSV was detected relatively often, totally in 37 samples during four years. In 2011 TRV was detected in both cultivars and on both plantations more often than in previous seasons. One of the two TRV strains tested -TRV-F was detected in both cultivars, mainly in the leaves, in total number of 30 samples. In 2011, TVX was detected for the first time in the leaves of 'Strong Gold' plants on both plantations; in four and six positives of 20 samples tested, respectively (Table 3) . It was the first report on detection of TVX in tulips in Poland (Sochacki and Komorowska 2012) . This virus was not detected in bulbs. Only in some cases, the tested plants were infected with more than one virus. During the whole period of the indexing 42 samples of leaves and 9 samples of bulbs were recorded as infected with two viruses. In addition, five samples of leaves showed mixed infections with three viruses. In most cases, virus complexes were consisted of TBV and LSV or TBV and TRV. The above results show that negative selection done on the plantations was completely effective or highly effective in the case of bi-colour cultivar 'Leen van der Mark'. However, in the case of yellow cultivar 'Strong Gold', on which it is much more difficult to observe visual symptoms of virus infections on the flowers, selection was not effective. Cultivar 'Strong Gold' needs additional negative selections in early spring and after flowering, when the symptoms on the leaves are more visible. Selection during these two periods is not routinely performed in Poland. In the Netherlands this cultivar is included into so called "DAS-ELISA varieties list", which means that obligatory inspection scheme conducted by Flower Bulb Inspection Service includes serological tests (Knippels 2011; Anonymous 2011a). In the 3 rd term TBV was detected in many cases in the bulb scales taken from harvested bulbs of the same plants, Obtained results show that infections with remaining viruses had a lower significance than TBV infections in four evaluated Polish farms. During the whole period of the research, TNV and CMV were detected sporadically. In addition, TRV-positive samples, till the year 2010, were noticed in a very limited number. In the year 2011, when new kit against two strains of TRV (J and F) was used, detectability of this virus increased. It can lead to the suggestion that low detectability of TRV in previous years was due to lower sensitivity of detection of TRV-F with the former TRV kit of IgG and conjugate. LSV was detected relatively often, totally in 50 samples of 1680 tested. In the Netherlands, the most common virus in tulips is TBV. However, the average TBV infection in tulip lots detected by DAS-ELISA is low and not exceeds 1.9% (Knippels 2011 ). In the case of 'Strong Gold' the average level of TBV detected by ELISA in the year 2011 was 2.6% (Anonymous 2011b). In this study, almost all lots of samples from Polish farms exceeded the level of TBV virus infection detected in the Netherlands.
Interesting results are connected with the detection of TVX. In the Netherlands TVX was detected in 1993 in a very limited numbers of lots on a limited number of farms (Knippels 2011) . The number of TVX tests is expected to increase in the Netherlands (currently seven thousands per year), firstly because infection rate seems to be increasing, and secondly because an increasing number of countries impose quarantine status on this virus (Beekwilder et al. 2008) . The first TVX detection in other countries were reported at the beginning of 21 st century: in 2001 in Japan (Yamaji et al. 2001) , in 2005 in USA (Tzanetakis et al. 2005) , in 2008 in New Zealand (Ward et al. 2008) and in 2009 in Brazil (Rivas et al. 2009 ). In 2011 TVX was also detected in Poland (Sochacki and Komorowska 2012) .
